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Abstract
Purpose—This article describes the conceptual model developed for the Hispanic Community
Health Study/Study of Latino Youth, a multisite epidemiologic study of obesity and
cardiometabolic risk among U.S. Hispanic/Latino children.
Methods—Public health, psychology, and sociology research were examined for relevant
theories and paradigms. This research, in turn, led us to consider several study design features to
best represent both risk and protective factors from multiple levels of influence, as well as the
identification of culturally relevant scales to capture identified constructs.
Results—The Socio-Ecological Framework, Social Cognitive Theory, family systems theory,
and acculturation research informed the specification of our conceptual model. Data are being
collected from both children and parents in the household to examine the bidirectional influence of
children and their parents, including the potential contribution of intergenerational differences in
acculturation as a risk factor. Children and parents are reporting on individual, interpersonal, and
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perceived organizational and community influences on children's risk for obesity consistent with
Socio-Ecological Framework.
Conclusions—Much research has been conducted on obesity, yet conceptual models examining
risk and protective factors lack specificity in several areas. Study of Latino Youth is designed to
fill a gap in this research and inform future efforts.
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Introduction
The problem of childhood obesity continues in the United States, with a prevalence of 31%
among the general population of children aged 6–19 years [1]. Mexican-American boys
aged 12–19 years are among the highest at risk for being obese (49%), followed closely by
other Hispanic/Latino boys aged 12–19 years (46%). Studies examining differences by
specific Hispanic/Latino background in the United States are lacking, although evidence
from Latin America suggests that among adults, Mexicans have the highest prevalence rates
followed by residents of Central America [2]. Research to better understand sources of
influence are sorely needed, given the numerous negative implications of childhood obesity,
including adult obesity [3], associated comorbidities [4], compromises in quality of life [5],
and early mortality [6]. The Study of Latino (SOL) Youth study is designed to fill this gap.
The SOL Youth study
SOL Youth is a multisite observational study funded by the National Heart, Lung, and
Blood Institute to examine factors associated with childhood obesity and cardiometabolic
risk among a diverse sample of Hispanic/Latino children (aged 8–16 years; N = 1600) living
in one of four U.S. cities (Bronx, Chicago, Miami, and San Diego; see Isasi et al., in press).
The specific aims of SOL Youth are to (1) evaluate the influence of child acculturation and
intergenerational differences in acculturation between children and parents on children's
obesity-related behaviors and their cardiometabolic risk profiles; (2) test the association of
parenting strategies and practices with children's obesity-related behaviors and
cardiometabolic risk profiles; and (3) assess the influence of child psychosocial functioning
on obesity-related behaviors and cardiometabolic risk profiles. Aims were informed by
several theoretical frameworks relevant to childhood obesity and based on a conceptual
model representing sources of influence specific to U.S. Hispanic/Latino children.
Theoretical frameworks relevant to childhood obesity
The SOL Youth study is informed predominantly by the Socio-Ecological Framework (SEF)
[7,8] and Social Cognitive Theory (SCT) [9]. SEF differentiates influences as occurring at
multiple levels [7], including at the individual, interpersonal, organizational, and community
levels. These levels exert both direct and indirect influences on behaviors and interact with
each other to influence behaviors and health outcomes. Research demonstrates associations
between multiple levels of SEF and childhood obesity [10,11]. Similarly, SCT supports the
concept of interactions between influences in its concept of reciprocal determinism, the
dynamic interplay between a person, his/her behaviors, and the environment in which these
behaviors take place [9]. Elements of the person include his/her cognitions, norms, and
factors that may influence these (e.g., demographic variables). The environment includes
both social and physical influences, the former best represented by personal relationships
and the latter represented by the availability of healthy options in a grocery store, for
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example. There is substantial evidence supporting the association between concepts in SCT
and childhood obesity [12].
Complementing both SEF and SCT are additional theoretical frameworks including Family
Systems Theory (FST) [13,14] and theories of acculturation [15–17]. FST posits that
individuals within the family exert an influence over others, while simultaneously being
influenced by the environment that is created by these interactions [18]. As such,
intervention researchers have successfully targeted the family to prevent and control
childhood obesity [19]. Central to the present study are the FST concepts of subsystems and
levels within the family system. Among the most widely studied subsystems in childhood
obesity research is the parent-children relationship [18]. A wealth of research supports the
importance of parenting on childhood obesity [20]. Second, within families, there are both
first- and second-order system levels. From the perspective of childhood obesity, Skelton et
al. [18] argues that first-order system levels are considered primary; for example, whether
families eat meals together. However, first-order system levels may not occur without the
presence of second-order system levels; for example, families having the necessary time
management and communication skills to facilitate family meals. This evidence dictates the
need to consider both direct and indirect influences on obesity.
Finally, as defined by Berry [15] and others [17,21], acculturation refers to the process of
change that occurs in language use, behaviors, social norms, and other aspects of human life
with continuous, first-hand contact with a dominant ethnic group that is different from one's
own. This process is considered both multidimensional (occurring on more than one cultural
dimension, e.g., language and norms), as well as bidirectional. Regarding the latter and in
part depending on the characteristics of the receiving community (e.g., individuals living on
the U.S.-Mexico border can function without learning English), individuals may retain
aspects of their original culture and thus remain traditional in their cultural orientation, they
may become assimilated and lose all or most of their original culture, or they may become
bicultural, retaining some aspects of their original culture and adopting new ones from their
new culture. Research in acculturation provides some evidence supporting the associations
between several dimensions of acculturation and Hispanic/Latino childhood obesity.
SOL Youth researchers brought these complementary lines of research to create a
conceptual model (see Fig. 1) that was then used to guide selection of measures (Table 1).
SOL Youth conceptual model
Individual
At the individual level, genetic factors can influence the development of obesity and often
work in concert with behavioral and environmental influences [22,23]. Behaviors such as
diet [24–27], physical activity (PA) [25,28,29], and inactivity (most notably screen time)
[26,30,31] and short sleep duration [32] are associated with childhood obesity among U.S.
Hispanic/Latino children. Nevertheless, results are not always consistent. For example, Field
et al. determined that only vegetable consumption (and not fruit or juice consumption)
predicted body mass index (BMI) among boys; however, this finding became nonsignificant
when calories were entered into the model [33]. Similarly, in a nationally representative
sample that included 36% Hispanic/Latino children aged 2–5 years, consumption of 100%
fruit juice was not associated with BMI, although it was associated with higher energy
intake [34]. In a second national study involving Hispanic/Latino children, television
watching was only associated with obesity among girls but not boys [35]. Consumption of
breakfast has been identified as an important protective factor for obesity in an ethnically
diverse sample of Hispanic/Latino children [36]. However, most studies show that a
combination of risk factors is associated with a greater prevalence of obesity [25,37].
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A second source of individual influence, not specified in previous models [38], is emotional
health [39]. Emotional and behavioral difficulties are more common among Hispanic/Latino
children who are overweight/obese, although gender and language of interview appear to
moderate this association (e.g., findings did not hold for male boys who completed the
interview in Spanish) [40]. This research is driven in part by evidence that children
experience stigma associated with being overweight or obese [41]. However, causality is
difficult to determine given the study designs used.
Demographic and socioeconomic indicators comprise a third and fourth source of individual
influence on childhood obesity. Gender is important given the higher obesity prevalence
among Hispanic/Latino boys compared with all other racial/ethnic and gender subgroups
[1,42]. In most models, socioeconomic indicators are placed at the individual level, although
they often operate at multiple levels given “the role of money” in predicting childhood
obesity [43]. Caprio et al. [43] argue that the cost of food determines what one buys and
there is substantial evidence that unhealthy convenience foods are less expensive than
healthy foods [44]. Consumption of unhealthy convenience foods is, in turn, associated with
a higher prevalence of childhood obesity in Hispanic/Latino children [45]. Similar
arguments have been made for the cost of and access to PA-promoting resources [10]. Other
socioeconomic indicators, such as household income, remained significantly associated with
obesity in a sample of Mexican-origin children [24] and explained some of the differences
observed in obesity between Hispanic/Latino and white fifth graders from three cities in the
United States [46]. In one study, parent education was inversely associated with overweight
among diverse adolescents [47].
Interpersonal
Our conceptual model emphasizes the role of families and parents in predicting childhood
obesity risk. Families who eat breakfast together less frequently [25] or who eat while
watching television have children at greater risk for obesity [48]. In a sample of Brazilian,
Haitian, and other Latina mothers, those with a low demanding/high-responsive feeding
style (i.e., few rules and demands, although high in warmth) had heavier children compared
with those with other feeding styles [49]. Similar findings were observed by Hennessy [50]
and Hughes [51]. Parents also determine what is available in the home; for example, having
a television available in the bedroom was associated with obesity [48]. This is particularly
troublesome among low-income families given evidence that bedrooms often serve as living
rooms when several families share a home [52], a phenomenon more prevalent among
immigrant families [53].
One influence that bridges the individual and interpersonal is sociocultural influence.
Whether operationalized as country of birth, number of years lived in the United States, or
language spoken at home, evidence is mixed on the association with childhood obesity.
Nationally representative data suggest that second and third generation adolescents of
diverse ethnic backgrounds are more likely to be overweight than first-generation
adolescents [54]. Similar findings were observed among Mexican-American adolescents
[55] and among boys who were U.S.-born or had lived in the United States for 10+ years
compared with their counterparts [47]. However, after adjusting for socioeconomic status
(SES), risk was higher among first-generation adolescents compared with their counterparts
[56] or the association became nonsignificant [57].
Research on maternal acculturation is mixed, with some studies concluding a positive
association between maternal acculturation and childhood obesity [58–60] and other
evidence suggesting that children of newly arrived immigrants are more likely to be over-
weight than longer residing immigrants and children of U.S. natives [61,62]. Evidence is
also mixed when language use is considered. Wojcicki et al. [36] found that speaking
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Spanish at home was only associated with childhood obesity among Central and South
American children and not Mexican children. Sussner et al. [63] reached similar conclusions
in a diverse sample of Hispanic/Latino immigrant and nonimmigrant mothers. Likewise,
Van Hook and Baker [64] determined that children of non-English-speaking immigrant
parents were more likely to be overweight than English-speaking immigrant parents. Ariza
et al. [26], on the other hand, found no such association among Mexican families.
Organizational: school
Most research in schools is not specific to Hispanic/Latino children. National studies
reporting some Hispanic/Latino student enrollment have identified a number of risk factors
for obesity. For example, Fox et al. [65] determined that elementary schools that offer
French fries or dessert at least once a week or more were more likely to have students who
were obese. In middle schools, the presence of vending machines with energy-dense foods
was associated with obesity. However, no significant associations were observed between
the school food environment and obesity in high schools. Similarly, the presence of a
vending machine at school was not associated with overweight among a diverse sample of
adolescents in California [47]. Harrison and Jones [66] proposed a new framework for
understanding physical environmental influences on childhood obesity.
Community
Childhood obesity is also influenced by community factors, including number of fast food
restaurants and convenience stores proximal to the child's school [67] and lack of available
supermarkets [68]. Having one or more convenience stores on one's block was associated
with a greater likelihood of being obese in a sample of predominantly Hispanic/Latino
children [69]. However, this same study found that density of fast food restaurants proximal
to one's home was not associated with obesity. Few studies examining the PA environment
and obesity have considered Hispanic/Latino children; one study in which 33% of the
sample was Hispanic/Latino identified sidewalk completeness [70] as being associated with
a higher BMI z-score. However, the presence of a park or playground near one's home was
not associated with overweight [47].
Application to SOL Youth
The conceptual model described above was used to inform the selection of study measures
(see Table 1; additional details on study measures can be found in Isasi et al, in press).
Highlighted next are three innovative features of the SOL Youth study and their implications
for Latino family health research: collection of data from children and parents, multiple
operationalizations of acculturation, and multiple operationalizations of familial/parental
influences.
Unique features of the SOL Youth study
Child and parent data—An important aspect of our study design is the collection of data
from both the child and the parent/caregiver, including biological and self-reported data.
Blood samples and other objective measures will allow us to examine the heritability of
obesity risk. Administration of the same self-report scales with both the child and parent will
allow us to conduct dyadic analyses [71–73], a more refined approach to examining the
bidirectional influences of children and parents.
Acculturation and intergenerational differences—Selected strategies to measure
acculturation reflect our interest in examining this variable from an individual and an
interpersonal perspective. The 12-item brief Bauman scale was derived from the 24-item
Marin scale [21] and has good psychometric properties [74]; however, it focuses exclusively
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on language use. To capture nonlanguageebased acculturation, we are administering the 8-
item AHISMA scale because it captures changes in social relationships [75]. In addition to
acculturation, ethnic identity is being measured with the 8-item Ethnic Affirmation and
Belonging scale [76], plus two questions on race/ethnicity. The former is important to better
understand the potential protective effects of staying connected to one's ethnicity/culture of
origin or that of one's family [77]. In addition, we are measuring stress associated with the
premigration, migration, and postmigration experiences [78]. Two questions assess what the
migration experience was like for the child, including how stressful it was. Acculturative
stress is one's experience with the acculturation process, how well one adapts to the changes
that are occurring, some of which are not under one's control. We are measuring this concept
using the 9-item Acculturative Stress scale [79].
Using these scales, we will examine intergenerational differences in acculturation and
whether this places the child at greater risk for engaging in unhealthy behaviors and subject
to worse health outcomes. We will test the child-parent differences using several methods,
including computing a discrepancy score between the children's and parents’ acculturation
scores and examining whether these discrepancies are associated with a variety of health
behaviors and health outcomes relevant to obesity. Importantly, given evidence that SES is
often neglected in previous analyses examining the association between acculturation and
health [80], these models will consider the many dimensions of SES captured in our protocol
(see Table 1).
Family and parenting—A limitation of much of the research on families and parents is
the exclusive use of measures that assess family influences and parenting specific to
obesigenic behaviors. Although specificity is important for measurement [9], exclusive use
of these measures without a concurrent assessment of general family functioning and
parenting does not permit one to disentangle the unique variance associated with disease-
specific family functioning and parenting. This design element of the SOL Youth study will
allow us to fill a gap in this research [18].
Our protocol captures family functioning with 12 questions [81] and family closeness with
seven questions [82] from both the perspective of the child and that of the parent. In
addition, parents respond to a 5-item Familismo scale [83] to better understand family
members’ sense of obligation to each other, a concept that is culturally relevant to the target
population [84]. Family support for fruit and vegetable intake is being measured with four
questions developed by Norman et al. [85] and similar questions assess family support for
PA [86]. Several discrete indicators of family influences are being captured specific to
eating, including how often the family eats dinner in front of the television [87], how often
they consume meals together [87], and where they shop for groceries [88]; all these
activities have been identified as factors associated with food consumption, and ultimately,
risk for obesity. To measure general parenting, we are using the 16-item authoritative
parenting scale [89]. To measure parenting related to diet and PA, we are using the 26-item
Parenting Strategies for Eating and Activity Scale scale [90]. In the Parenting Strategies for
Eating and Activity Scale validation study, parents who set more limits with their children
had children who were at lower risk of being obese [90].
Other considerations—The inclusion of children and parents from several Hispanic/
Latino backgrounds, including Cuban-, Puerto Rican-, and other Central- and South
American-origin children, in addition to Mexican, will allow us to assess the generalizability
of multilevel models previously tested only with those of Mexican origin [59] to include
other Hispanic/Latino backgrounds.
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SOL Youth is an innovative study examining factors associated with childhood obesity and
cardiometabolic risk. Using several well-established theoretical frameworks, SOL Youth
investigators created a conceptual model to inform several study design features, as well as
contextually and culturally relevant measurement approaches to the collection of measured
and self-reported data.
Limitations
Models for understanding childhood obesity and cardiometabolic risk should consider
aspects at multiple levels of influence. In the SOL Youth study, we are examining risk and
protective factors at four levels of influence; however, our assessments of the organizational
and community levels are measured via child- and parent-reported perceptions. Ideally,
school and community influences would be collected via direct observation [91] or using
existing databases (e.g., enumerating types of grocery stores in the neighborhood) [92]. This
research would complement the SOL Youth study given differences identified in the types
of foods that are available depending on where a family does most of their grocery shopping
[88]. An ability to develop linkages with directly collected environmental data would
strengthen conclusions that could be drawn from this study. Unfortunately, such data
collection was beyond the scope and budget of this study. Second, to maximize recruitment
of 1600 children, we are allowing more than one child per household to participate. This
introduces possible clustering of data within households; however, we can compensate for
this intraclass correlation in statistical analyses by nesting children in households. At the
same time, having multiple children in a household will allow for dyadic analyses with
different children to determine whether observed relationships are consistent across children
in the same household. Finally, given the design of the larger SOL Youth study, site is
confounded with Hispanic/Latino subgroup and the rural context is missing. Regarding the
former point, the San Diego and Miami sites have a more homogenous Hispanic/Latino
sample (Mexican and Cuban, respectively), making it more difficult to disentangle site and
Hispanic/Latino subgroup.
Informing future research and practice
Although there have been calls for studies to identify “aggressive approaches for the
prevention and treatment” of childhood obesity, there remains a dearth of research
examining what factors are most relevant to address this epidemic. SOL Youth hopes to fill
a gap in this research by testing a comprehensive model linking individual, interpersonal,
school, and community data to better understand risk and protective factors associated with
childhood obesity and cardiometabolic status among U.S. Latino children.
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Table 1
Measurement items organized by level of influence
Constructs Measurement approach
Individual Demographic Child report:
    • Gender (1Q; categories)
    • Social desirability (9Qs; yes/no)
Parent report on self/family:
    • Birthday (1Q; open)
    • Gender (1Q; categories)
    • Current marital status and if lives with spouse (2Qs; categories, yes/no)
    • Household size (4Qs; open)
Parent report on spouse:
    • Birthday (1Q; open)
    • Gender (1Q; categories)
    • Relationship to child (1Q; categories)
Child socio-economic status Child report:
    • Allowance given (1Q; open)
    • Hours worked in a typical week during summer and nonsummer months (2Qs; open)
Parent report on child:
    • Child's health insurance and lack of coverage (5Qs; varied)
    • Medical home (2Qs; varied)
    • Grade in school, type of school, and school attendance (5Qs; varied)
Parent report on self/family:
    • Parent health insurance and lack of coverage (5Qs; varied)
    • Employment (5Qs; varied)
    • Education (1Q: 1 = never or kindergarten to 10 = professional training beyond a 4-y college or university)
    • Other assets (13Qs; yes/no)
    • Food assistance (6Qs; yes/no)
    • Income and number it supports (4Qs; varied)
    • Type of dwelling (1Q; 1 = house to 5 = trailer home)
    • Motor vehicles (1Q; open)
    • Economic hardships (5Qs; yes/no)
Parent report on spouse:
    • Employment (4Qs; varied)
Child socio-cultural Child report:
    • Race/ethnicity (1Q; categorical)
    • Hispanic/Latino background (1Q; categorical)
    • Acculturation scale (ARSMAII Brief; 12Qs; 1 = not at all to 5 = almost always)
    • Acculturation scale (AHISMA, 8Qs; 1 = US to 4 = Neither)
    • Ethnic affirmation and belonging (8Qs; 1 = strongly disagree to 5 = strongly agree)
    • Acculturative stress (9Qs; 1 = not at all to 5 = almost always)
    • Country of birth (1Q; categorical)
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Constructs Measurement approach
    • Migration experience (4Qs; yes/no) and perceived stress level of migration experience (1Q; 1 = not at all
stressful to 3 = very stressful)
Parent report on child:
    • If foreign born, age at arrival (1Q open), who traveled with (1Q; categorical), and premigration lifestyle
(4Q; varied)
Parent report on self/family:
    • Race/ethnicity (1Q; categorical)
    • Hispanic/Latino background (1Q; categorical)
    • Country of birth (1Q; categorical)
    • Age of arrival (1Q; open-ended)
    • Acculturation scale (same as child)
    • Ethnic affirmation and belonging (same as child)
    • Acculturative stress (same as child)
Parent report on spouse:
    • Race/ethnicity (3Qs; varied)
    • Country of birth (1Q; categories)
    • Years living in the United States (1Q; open)
Child health Child report:
    • Pubertal development (5Qs per gender; 1 = not yet started/changed to 4 = change seems complete)
Parent report on child:
    • Medical history (68Qs; varied)
    • Time since last visit (1Q; open-ended)
    • Use of limbs (1Q; yes/no)
    • Menses (2Qs; yes/no and age)
    • Family medical history (42Qs; yes/no)
    • Medication use (depends on number of meds; varied)
Child emotional health Child report:
    • Child Depression Inventory-Short (10Qs; 3-point scale)
    • Multidimensional Anxiety Scale for Children (10Qs; 1 = never true for me to 3 = often true for me)
    • Disordered eating (8Qs; most yes/no)
    • Body image dissatisfaction (2Qs; circle current and ideal body image)
    • Sociocultural attitudes toward weight (7Qs; 1 = completely disagree to 5 = completely agree)
Child behaviors Child objective:
    • 7 d accelerometer protocol to measure PA
Child report:
    • Dietary intake (two 24-h dietary recalls)
    • Allowance spent on snacks (1Q; open-ended)
    • Away from home foods (6Qs; days in past week)
    • School food (3Qs; 0 = 0 d to 5 = 5d)
    • PA (68Qs; 1 = never to 6 = daily)
    • Sedentary time including screen time (4Qs; hours and minutes)
    • Tobacco and alcohol use and susceptibility (16Qs; varied)
    • Sleep duration (4Qs; varied)


















    • Family functioning (12Qs; 1 = strongly agree to 4 = strongly disagree)
    • Family relationships including closeness (7Qs; various);
Parent report on child:
    • Relationships (20Qs; varied)
    • Authoritative parenting (16Qs; 1 = not like me to 4 = just like me)
Parent report on self/family:
    • Family functioning (same as child)
    • Familismo (5Qs; 1 = strongly disagree to 5 = strongly agree)
Family behaviors to health
behaviors
Child report:
    • Family support for fruit and vegetable intake and PA (8Qs; 1 = never to 5 = everyday)
    • Parenting strategies to promote eating and PA (26Qs; 1 = disagree or never to 5 = agree or always)
    • Eating dinner and snacks in front of the TV (2Qs; 0 = never to 4 = everyday)
Parent report on self/family:
    • Days family meals together (3Qs; open)
    • Grocery shopping locations (5Qs; 1 = never to 5 = always)
    • Food insecurity (United States Department of Agriculture 18Qs; varied)
    • Parenting strategies to promote eating and PA (26Qs; 1 = disagree or never to 5 = agree or always)
Friend support Child report:
    • General friend support (4Qs; 1 = strongly disagree to 4 = strongly agree)
    • Friend support for fruit and vegetable intake and PA (8Qs; 1 = never to 5 = everyday)
Home environment Child report:
    • Workout equipment at home (11Qs; 0 = not available to 4 = once a week or more)
Parent report on self/family:
    • Food in the home (17Qs; 1 = never to 5 = always)
    • Televisions and electronic devices in the home (7Qs; total number of each and number in child's
bedroom)
School Food environment Child report:
    • Nutrition information sent home (1Q; 0 = never to 4 = always)
    • Vending machines (8Qs; varied)
    • Salad bars (2Qs; yes/no and days per week use)
    • Carts and trucks (2Qs; same as salad bars)
    • Brand-name fast foods available (2Qs; same as salad bars)
    • Off campus lunch permitted (2Qs; same as salad bars)
PA environment Child report:
    • After school PA environment (2Qs; 1 = never to 5 = always)
Community Neighborhood safety Parent report on self/family:
    • Neighborhood safety (5Qs; 1 = not a problem to 3 = major problem)
Food environment Parent report on self/family:
    • Perceived food environment (5Qs; 1 = strongly disagree to 5 = strongly agree)
PA environment Parent report on self/family:
    • Barriers to PA in the community (9Qs; 1 = strongly disagree to 4 = strongly agree)
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